In the course of study on ribonucleic acid (RNA) metabolism during sporulation in Saccharomyces cerevisiae, a new species of RNA (20S) was observed in sporulating cells by polyacrylamide gel electrophoresis. The relative content of this RNA to total RNA increased linearly early in sporulation. Labeled adenine was preferentially incorporated into 20S RNA during the early stages of sporulation. The correlation between the physiological and genetic control of sporulation and the synthesis of 20S RNA are discussed.
In the course of study on ribonucleic acid (RNA) metabolism during sporulation in Saccharomyces cerevisiae, a new species of RNA (20S) was observed in sporulating cells by polyacrylamide gel electrophoresis. The relative content of this RNA to total RNA increased linearly early in sporulation. Labeled adenine was preferentially incorporated into 20S RNA during the early stages of sporulation. The correlation between the physiological and genetic control of sporulation and the synthesis of 20S RNA are discussed.
Meiosis is a process of intracellular differentiation involving both morphological and biochemical changes. In yeast, meiosis leads to the production of an ascus containing four haploid ascospores. The process is complex; changes in ribonucleic acid (RNA), deoxyribonucleic acid (DNA), and protein contents (2, 5) and in histone contents (Bhargava and Halvorson, submitted for publication) have been observed. Recently, temperature-sensitive sporulation mutants blocked at various stages of meiosis in Saccharomyces cerevisiae were isolated (4, 6) .
These findings, as well as the dependence of meiosis on protein synthesis (5) , raise the possibility that the transcription products produced during sporulation may differ from those synthesized during mitotic growth. ' Sporulation. Cells were grown in YEP for 24 to 26 hr (early stationary phase), harvested, and introduced into KAc sporulation medium at 5 x 107 cells per ml as previously described (5) . To determine the percentage of asci, at least 500 cells and asci were counted in a hemocytometer. Buds also were counted as a single cell.
Cell breakage and RNA extraction. Cells were harvested by centrifugation at 1,000 x g for 5 min, washed once with cold distilled water, and suspended in four volumes of I M sorbitol solution containing 20% glycerol and 5% polyvinylpyrrolidone. The cell suspension was placed in a French pressure cell, frozen in a dry icealcohol bath for 7 min, and then passed through the orifice at a pressure of 8,000 psi. Immediately after thawing, 0.1 volume of 10% sodium dodecyl sulfate (SDS) solution and one volume of water-saturated phenol were added. Delay in addition of these reagents resulted in RNA degradation, especially in the case of the homogenate of sporulating cells. Phenol extraction ot' RNA was carried out three times at 5 C. RNA was precipitated by addition of two volumes of alcohol and stored at -20 C. To avoid RNA degradation, nuclease-free glassware and reagents were used throughout the extraction procedure and electrophoresis.
Polyacrylamide gel electrophoresis of RNA. Polyacrylamide gel electrophoresis was carried out by the method of Peacock and Dingman (l1) with a slight modification. The buffer (PD) contained 108 g ot' tris (hydroxymethyl)aminomethane, 9.3 g of Na2 ethylenediaminetetraacetic acid, and 55 g of boric acid (pH 8.3) in I liter of water. The stock solution of acrylamide contained 10% acrylamide and 0.5% N,N'-methylene bis-acrylamide and was stored at S C.
To make 12 gels the following were used: 10 ml of 10% acrylamide solution, 2 ml of PD buffer, 0.4 ml of' 10% SDS, 27.2 ml of distilled water, 0.04 ml of 0.5% N, N, N', N'-tetramethylethylethylenediamine, and 0.4 ml of 10% ammonium persulfate (freshly prepared). Currents of I ma/tube were used until the samples had entered the gels, and 5 ma/tube was used thereafter. Electrophoresis was carried out at room temperature at 5 ma/tube for 2 to 2.5 hr. The gels were stained with 0.1% Toluidine Blue 0 in 1% acetic acid for I hr, destained by soaking in 1% acetic acid for 18 to 20 hr, and scanned at 580 nm in a Gilford spectrophotometer.
Isotope experiment. Cells were inoculated into YEP medium containing 5 jiCi of adenine-8-3H per ml at a density of 104 cells/ml and incubated at 30 C for 30 hr. The cells were harvested and introduced into KAc sporulation medium containing 0.66 gCi of adenine-8-'4C per ml as previously described (5) . After 6 and 12 hr of incubation at 30 C, the cells were harvested, washed, and suspended in I M sorbitol containing 20% glycerol and 5% polyvinylpyrrolidone. Cell breakage with French press and subsequent extraction of RNA were carried out as described above. After electrophoresis of the radioactive RNA, the gel was fractionated by an Auto-gel-divider with a Unifract collector (Savant Instrument, Inc., Hickville, N.Y.). Fractions were collected directly into scintillation vials containing 0. Fig. 2 . The area under each peak was measured and, from this, the 20S RNA ltotal RNA x 100 was determined and plotted as a function of hours during sporulation. Fig. 3 , the relative content of this new species of RNA increases linearly during the course of sporulation until T12, the time at which DNA and RNA reach maximum levels.
One possible origin of this RNA is that it is a degraded product of the increased RNA turnover during sporulation (6) . To examine this possibility, a double labeling experiment was performed. Cells were grown during vegetative growth in medium containing 3H-adenine. At T0, the cells were transferred to KAC containing "4C-adenine. The radioactive RNA extracted from the cells at T6 and T12 was separated by polyacrylamide gel electrophoresis. After fractionation of the gel, distributions of radioactivity were determined. As shown in Fig. 4 , the radioactivity profiles are very similar to the RNA profiles (Fig. 2) . However, the 14C/3H ratio varies significantly throughout the gel. The highest ratio is found in the region between the two cytoplasmic rRNA species. A significant increase in the 14C/3H ratio also occurs in the region of the mitochondrial rRNA species (tubes 21 to 25; 46 to 49; H. Morimoto, and H. 0. Halvorson, Proc. Nat. Acad. Sci. U.S.A., in press). The lowest ratios were observed in the two cytoplasmic rRNA regions of the gel. These findings demonstrate not only that various RNA classes are synthesized during sporulation but that some classes (e.g., 20S RNA) are preferentially synthesized at Tf (Fig. 4A) and T12 (Fig. 4B) . RNA was extracted from the cells at T7 (Fig. 4A ) and T12 (Fig. 4B) and separated by electrophoresis (25 jg of RNA /tube). The gels were fractionated with the autogel-slicer, the RNA was extracted with ethylenediaminetetraacetic acid solution for 20 hr, and the radioactivities in each fraction were determined in a liquid scintillation counter: 3H (0), 14C (A), ratio of '4C/3H (0). transfer to 1 % KAc) or after prolonged incubation in stationary-phase cells (72 hr). In the latter case, the early steps of the sporulating process might have occurred. It has long been recognized that sporulation in S. cerevisiae is under the control of the a and a mating type alleles on chromosome Ill. Diploid strains heterozygous for these alleles (a/a) sporulate, whereas diploid strains homozygous for either (a/a or a/a) are unable to sporulate (12). Roth and Lusnak (13) recently showed that four such homozygous diploids were incapable of supporting DNA synthesis even after prolonged incubation in sporulation medium. Since meiotic DNA synthesis occurs early in sporulation (Fig.  1) , both a and a alleles are required for some early event(s) in the sporulation cycle. Yeast strains disomic for chromosome III provide a further approach to examine the stages in meiosis. When disomic III strains which carry homologous mating type alleles (a/a or a/a) are placed under conditions of sporulation, none of the typical features of meiosis are observed. In contrast, when a/a disomic strains are transferred to sporulation medium, they show a number of changes associated with normal sporulation. In addition to 20S RNA (Table 2) , after 3 days of aeration in sporulation medium, these disomic strains form spore septa and four immature asci (Fig. SB) . These strains can apparently enter but not complete meiosis. Figure 5A shows the completion of meiosis in a diploid wild-type strain. DISCUSSION Meiosis and sporulation in yeast are processes of intracellular differentiation which occur in eucaryotes. They are complex processes that require biochemical changes in the cells. Meiosis in yeast is more sensitive to a number of inhibitors (9) , as well as to gamma radiation (10), than is mitosis. Esposito et al. (5) reported that RNA b Immature asci were observed in these strains (see Fig. 5 ).
content increased slightly at the early stage of sporulation but decreased at the latter stage, whereas pulse-labeling experiments with the radioactive precursor showed two periods of the high RNA synthetic activity during sporulation in yeast (6) . These findings suggest significant RNA turnover in sporulating cells.
In this paper, evidence was presented for the appearance of a new RNA (20S) during sporulation in S. cerevisiae. The 20S RNA was detected only in sporulating cells, and its content increased over the first 12 hr of sporulation. From 
